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© Magnetic film memory cell or sensor. 



© A magnetic, solid state memory cell (10) or 
sensor includes a magnetoresistive, ferromagnetic 
layer (14) and a resistive layer (20) overlying the 
magnetoresistive layer. The resistivity and dimen- 
sions of the resistive layer are such that, preferably, 
only a small fraction of any sense current flowing 
through the cell or sensor will flow between input 
and output contacts (24) by way of the resistive 
• layer, yet the magnitude of the sense current will not 
be reduced below a desired signal level due to the 
presence of the resistive layer. The resistive layer is 
comprised of a material which will not diffuse into 
the magnetoresistive layer. A compound or mixture 
of a metal and either nitrogen or oxygen, such as 
tantalum and nitrogen, is preferred as the resistive 
layer. It is also preferred that the resistive layer be 
^nonmagnetic (Fig. 1). 
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MAGNETIC FILM MEMORY CELL OR SENSOR 



Reference is hereby made to earlier filed copending application 
EP-A 0 248 355 entitled "Magnetic Memory", published 9. 12.1987. 

This invention relates to magnetic memory cells and magnetic 
sensor elements comprising a magnetic layer. 

Certain magnetic memories and magnetic sensors utilize thin 
films of ferromagnetic, magne toresist ive materials as key 
sensing elements. 

Ferromagnetic materials are materials possessing permanent 
magnetic dipoles which exhibit a high degree of alignment at 
room temperature. The net 



magnetic moment M (or magnetization) of a ferro- 
magnetic material is a measure of the alignment of the 
dipole moments in the material. 

In forming ferromagnetic thin films, the 
orientation of M can be selected by exposing a ferro- 
magnetic material to a unidirectional external 
magnetic field during deposition or annealing. The 
resulting uniaxial anisotropic magnetic film has what 
is referred to as an easy magnetic axis (aligned with 
the direction of the externally applied magnetic 
field) , and a hard magnetic axis which is 
perpendicular to the easy axis. 

Further, the magnetic thin film is magneto- 
resistive. That is, the electrical resistance of the 
film depends upon the orientation of the easy axis 
relative to the direction of current flow. The 
maximum resistance occurs when the magnetization 
vector and the current direction are parallel, and the 
minimum resistance occurs when they are perpendicular. 

In magnetic memories, data storage lines are 
formed of the above described magnetoresistive thin 
films. Data is stored in binary fashion by utilizing 
a magnetic thin film deposited, as distinct cells, 
along a sense or bit line. The easy axis is often 
oriented along the bit line. If the magnetization of 
a cell is in a first direction along the bit line, the 



bit is defined' as a 1; if the magnetization is in a 

■ 

second direction opposite the first direction, the bit 
' is defined as a 0. 

A conductive current strap f or word line r is 
typically disposed orthogonal to and overlaying the 
bit line. The word line is electrically isolated from 
the bit line. 

The data condition of a cell is sensed or 
read by passing a sense current through the bit line 
and a word current through the word line. The 
magnetic field associated with the sense current 
interacts with and rotates- the magnetization of the 
thin film within the plane of the thin film to an 
oblique position with respect to the easy axis. The 
rotated magnetization vector will be in a different 
position for a 0 than for a 1. The magnetic field 
associated with the word current will either increase 
or decrease the angle of rotation of the magnetization 
with respect to the easy axis r depending on the logic 
state of the bit being sensed. 

A sense amplifier, connected across the bit 
line and responsive to the sense current, will detect 
a different electrical signal for a 0 than for a 1. 

A write operation is similar to a read 
operation except that the magnitude of the sense and 
word currents are increased so that together the 
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magnetic fields associated with the sense and word 
currents are sufficient to flip the rotated 
magnetization vector from one logic state to the 
other! 

5 Some magnetic memories form the easy axis 

perpendicular (or transverse) to the longitudinal axis 
of the bit line. Read and write operation in that 
case are similar to those of the longitudinal cell. 

Some magnetic sensors employ a sense element 
!0 which is similar in structure to the magnetic memory 
bit line* That is, a magnetoresistive (ferromagnetic) 
thin film is formed into a strip having an easy axis. 
A sense current is passed along the strip. The 
presence of an external magnetic field due, for 
15 example, to current or the movement of a ferromagnetic 
object, will lead to interaction of the external 
magnetic field and the. magnetization of the thin film 
strip. The change in resistance of the thin film due 
to the interaction is sensed by measuring the effect 
20 on the sense current. 

In both magnetic memories and magnetic 
sensors, signal levels are typically very small, i.e. 
on the order of few millivolts or a few milliamps. 
Thus one must take care not to substantially reduce 
25 signal levels when modifying the device structure. 



Both the magnetic memory and the magnetic 

* 

sensor can be formed by thermal and vapor deposition 
techniques. Selected layers of insulators and metals 
are grown or deposited , and etched to form a solid 
state, monolithic device. 

In the course of this processing, a magneto- 
resistive thin film is deposited. For magnetic 
memories, the thin film is typically deposited as a 
"sandwich" structure, i.e. first and second 
ferromagnetic thin film layers separated by a thin 
intermediate layer. The two ferromagnetic layers have 
their magnetization vectors antiparallel. The 

■ • 

intermediate layer is selected and configured to break 
the exchange- coupling between the two ferromagnetic 
layers. This sandwich structure results in good "flux 
closure", i.e. the magnetic field lines due to the 
magnetization of the sandwich are primarily confined 
to a closed path within the structure. Flux closure 
reduces demagnetizing effects due to the presence of 
free magnetic poles at the film edges and due to other 
nearby magnetic fields, and is important for the 
proper functioning of magnetic memories with densely 

packed cells. 

The top ferromagnetic thin film in the sand- 
wich structure is placed in electrical contact with a 
conductive lead at each end of the bit, so that the 



ends of adjacent bits can be joined by a good 
conductor to form a good current path for the sense 
current. 

» > 
However, in forming the top ferromagnetic 

layer in the sandwich, one typically etches through an 

insulative layer to expose the top ferromagnetic 

layers and form a via in which the conductive lead 

will be deposited. Generally, ferromagnetic thin 

films readily oxidize. Thus exposure of the top thin 

film during device processing will result in a thin 

oxide layer on its upper surface, which will alter the 

electrical characteristics of the contact site in 

undesirabl.e and often unpredictable ways. Further, 

since the top thin film is typically less than 1000A 

thick (and often only. -a few hundred angtroms thick or 

thinner) it is difficult to control the etching with 

enough precision to avoid cutting deeply into the top, 

layer or even etching through it. Deep cuts in the 

upper thin film can substantially adversely affect 

flux closure, sense current flow and device 

performance. 

Likewise, in the case of a magnetic sensor 

utilizing either a single thin film ferromagnetic 

layer or a sandwich structure similar to magnetic 

memory bit cells vias are formed in an overlaying 

layer to expose the upper surface so that conductive 



contacts can be made to the film. • Oxidation of the 
upper surface or etching deeply into the thin film 
cause similar problems in the sensor to those of 
magnetic memory cells. 

Protective layers overlying the magnetic film 
could be employed/ but if the protective layer is a 
good conductor/ it could short out the electrical 
properties of the magnetic film and reduce the already 
low signal currents flowing in the magnetic films. 

A structure which could protect the 
magnetic thin film during processing/ and afford good 
electrical contact to conductive leads while leaving 
sufficient signal levels within the thin film, .is thus 
highly desirable. The invention as characterized in 
claim 1 describes such structure. 

* 

The present invention is a raagnetoresistive 
thin film memory cell or magnetic sensor which 
includes a ferromagnetic/ raagnetoresistive/ thin film 
and a resistive material layer overlying at least part 
of the ferromagnetic thin film. The electrical 
characteristics and configuration of the resistive 
material are such that most of the electrical current 
flowing in the cell or sensor will flow through the 
magnetic thin film. That is # the resistive material 
provides high line resistance between electrical 
contacts to the device but allows for good vertical 
conduction to the magnetoresistive elements of the 
structure. 



One embodiment of the invention is a magnetic 

i 

memory cell or magnetic sensor comprising a first and 
second layer of magnetoresistive, ferromagnetic 
materials, a third layer interposed between the first 
and second layers and comprised of a material which 
will prevent exchange coupling between the first and 
second layers, a fourth layer of a resistive material 
overlaying, at least in part, the upper surface of the 
first layer, with electrical conductive contacts 
formed at two spaced locations on the top of the 
resistive layer. The electrical characteristics of 
the resistive layer are such that less than half of 
the current flowing between the electrical contacts 
will flow solely within the resistive material, yet 
the presence of the resistive layer between the 

■ 

contacts and the upper ferromagnetic layer will not 
. reduce the magnitude of the current flowing in the 
device below the desired signal level* 

A second embodiment of the present invention 
is a magnetic sensor similar to the first embodiment 
but the second magnetoresistive, ferromagnetic layer 
and the third layer are deleted. 

Useful materials for the resistive layer are 
compounds comprised of a metal and either nitrogen or 
oxygen. In particular, TaN x is a good material for 
the resistive layer. The resistive layer is 

preferably nonmagnetic to minimize demagnetizing 
effects. Further details are described in the subclaims 



BRIEF DESCR IPTION OP THE DRAWINGS 

Figure 1 is a perspective view of a portion 
of a first magnetic bit cell line which utilizes the 
present invention. 

Figure 2 is a perspective view of a portion 
of a second magnetic bit cell line which utilizes the 
present invention* 

Figure 3C is a partial sectional view along 
line 3-3 of Figure l r with Figures 3A and 3B showing 
selected sectional views of intermediate structures 
leading to Figure 3C. 

Figure 4B is a partial sectional viev* along 
line 4-4 of Figure 2, with Figure 4A showing a 
selected sectional view of an intermediate structure 
leading to Figure .4B. 

Figure 5 is a graph showing plots of 
acceptable ranges of contact resistance and linear 
resistance for an examplary embodiment of the present 
invention. 

Figure 6 is partial sectional view of a 
magnetic sensor structure in accordance with the 
present invention. 

DESCRIPTION OF THE P REFERRED EMBODIMENTS 

Figure 1 depicts a first magnetic, thin film 
bit cell 10 and a portion of a second such cell 12. 
Each cell comprises first and second magnetoresistive 
layers 14 and 16, with an intermediate layer 18 there 
between, and a resistive layer 20 overlying layer 16. 



7 Electrically conductive contacts "22 are 

formed at the junction of cells 10 and 12. Contacts 
22 include a raised portion 24 overlying the tapered 
ends of the four layer bit cell "sandwich" structure. 
The underside of raised portions 24 will directly 
contact resistive layer 20. . Contacts 22 e.g. comprise 

a barrier metal layer 26 (e.g. TiW) and a 
conductive upper layer 28 (e.g. AlCu) . Barrier metal 
layer 26 prevents the AlCu from diffusing into 
resistive layer 20 and magnetic layer 16. 

Current straps or word lines 30 and 32 are 
separated from bit cells 10 and 12, respectively, by 
insulating layer 34. Layer 34 is shown cutaway for 
clarity. Layer 34 will in fact cover surface 36 of 

■ 

insulating layer 38, A further insulating passivation 
layer (not shown) will typically overlay the entire 
structure shown in Figure 1. 

The above structure is formed on surface 36 

« 

of insulating layer 38. Insulating layer 38 is 
typically a thermally grown layer overlying substrate 
40. Substrate 40 may be Si, GaAs or other suitable 
material. 

Figure 2 depicts an alternative bit cell 
stucture to that of Figure 1. Corresponding structure 
between Figures 1 and 2 is like numbered. Junction 

* 

contacts 22 now includes a raised channel 40 which 
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overlays a narrowed portion of the .sandwich structure 

• » 

(see Figure 4B) . This narrowed portion extends 
between cells 10 and 12, The different junction 
structures of Figures. 1 and 2 are designed to avoid 
abrupt terminations of the sandwich structure. Abrupt 
terminations in the bit line concentrate magnetic free 
poles which generate undesirable demagnetizing fields. 

Figure 3C is a partial/ sectional view of 
Figure 1. The materials indicated for the various 
layers and contacts are given by way of example only. 
Any material as herein described and claimed is 
suitable for the invention. Another insulating layer 
42 (not shown in Figure 1) is shown beneath layer 14. 

* 

The purpose of layer 42 .is to prevent oxidation of the 

» 

lower magnetic layer 14. Also, word lines 30 and 32 
are shown as bimetal strips including barrier metal 
layer 44. 

Typical thickness of the various layers in 
Figure 3C are as follows: Si02 layer 38, 4000A; Si3N4 

o 

or nitrogen doped tantalum (TaN x ) layer 42, 200A; 
permalloy (P). layers 14 and 16, 150A each; TaN x layer 
18, 50A; TaN x layer 20 is 500A except for beneath 
raised portions 24 where it is 100 to 200A; Si0 2 layer 
34, 2800A; TiW layers 28 and 44, 1200A; and AlCu word 
lines 30 and 32, and junction .contact 22, 5000A. 
Further the thickness of Si02 beneath junction contact 
22 is 5000 to 6000A. 



Permalloy is preferred as layers 14 and 16. 
In particular a compound or mixture of Ni, Pe and Co 

« 

is preferred. The ratio of the materials are selected 
to reduce magnetostrictive effects. A ratio of 65% 
Ni, 15% Pe and 20% Co has been found suitable. 

Figures 3A and 3B show intermediate solid 
state structures f which are formed in the course of 
producing the structure of Figure 3C. Thermal oxide 
layer 38 is grown on substrate 40. Layers 42, 14, 18, 
16 and 20 are sputtered deposited in the order listed, 
to complete Figure 3A. 

Insulative layer 33 in Figure 3B is sputter 
deposited. Thereafter, photoresist is applied to 
layer 33 , and the photoresist is masked and exposed to 
pattern the device for a first etch. A dry etch (e.g. 
ion milling) is performed to cut through the sandwich 
structure at a selected site to thereby form separate 
bits 10 and 12. The photoresist is stripped and oxide 
is sputtered, layer 34, over the entire structure. 
The oxide is again photomasked and etched to form vias 
46 and 48, exposing the upper surface of resistive 
layer 20. The 500A resistive layer 20 serves to 
protect magnetic layer 16 from oxidation or other 
forms of attack and also serves as an etch stop- to 
prevent the etchant from cutting into layer 16. 
Figure 3B is result of these steps. 



Resistive layer can be sputter etched through 
vias 46 and 48 to clean its surface, and immediately 

■ 

after layers of TiW and AlCu deposited. The metal 
layers are patterned and etched to form the structure 
in Figure 3C. Note that the etching of vias 46 and 
48 , and the sputter etching of resistive layer 20 
through vias 46 and 48 , results in its reduced 
thickness at the via sites as compared to its 
thickness elsewhere. 

Figure 4B depicts a partial cross section of 
Figure 2. Corresponding structure between Figures 3C 
and 4B are like numbered. Vertical lines 50 and 52 
depict a generalized boundary for the narrowed portion 
40 of the sandwich structure between bits 10 and 12* 
The thickness of the corresponding layers in Figures 

3C and 4B are the same* 

The structure of Figure 4B is constructed by 
beginning with the structure of Figure 3A, and 
transforming it into the structure of Figure 4A. In 
Figure 4A, oxide layers 33 and 34 has been sputtered, 
patterned and etched to expose the narrowed portion 40 
of the bit line and expose resistive layer 20 at the 
bit junction site. Resistive layer 20 is sputter 
etched to clean it, and layers of TiW and AlCu are 
then deposited over the entire structure surface. The 
metal layers, as before, are patterned and etched to 
form word lines 30 and 32, and junction contact 22. 



Resistive layer 20 is comprised of a material 
which will make good electrical contact with junction 
22 and magnetic layer 16 , but has a sufficiently 
higher resistance than magnetic layer 16 to insure 
that most (and at least the majority) of the sense 
current flowing from one end of the cell or sensor to 
the other , passes through the magnetoresistive - 
. layers. If the sense current were not shunted 
primarily through the magnetoresistive layers, the 
signal size of the magnetoresistive layer would not be 
sufficient to allow proper device performance. . 
Further, the total resistance in the' vertical 
direction through resistive layer 20 should not be so 
high as to reduce the current in the cell or sensor to 
below desired signal levels. 

More precisely the line resistance of 
resistive layer 20 should be significantly more than 
that of the magnetoresistive layers 14 and 16, so that 
most of the sense current passes through the magneto- 
resistive layers. Also, the contact resistance of 
resistive layer 20, should be small as compared to the 
total resistance of the four layer sandwich structure, 
so that the added resistance due to the resistive 
layer does not reduce signal current to below the 
desired level. 
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- The line resistance Ri of resistive layer 20 
is given by: 



Rl * 

t xw 

where P = bulk resistivity of the 

material 

t - the thickness of the layer , 

L ■ length of the layer between 
vias, and 

W » width of the film (i.e. bit 
line width) . 



The contact resistance R c is the resistance between 
the conductive contact and the upper magnetoresistive 
layer due to the presence of resistive layer 20. It 
. can be determined per contact or per square unit of 
15 via area. R c /contact is given by: 

Rc = P x t , 

L x W 

where p and t are defined as above, 

L » length of the via, and 
W - width of the via. 

t 

20 The four layer sandwich structure may be 

viewed as the line resistance of resistive layer 20 in 
parallel with the line resistance of the underlying 
layers/ and the contact resistance of the resistive 
layer 20 in series with the above parallel 

25 combination. Estimates of the appropriate resistance 
values readily follow from this model. 



-16- 

Additional, alternating layers of exchange 
coupling breaking layers and magnetoresistive layers 

may be added to the four layer structure. Their 

■ 

presence will alter the total line resistance of the 

underlying layers but the above analysis will still 
apply. 

Figure 5 is a graphical method of identifying 
the configuration of a suitable material for resistive 
layer 20 as a function of its thickness and bulk 
resistivity. The line marked by small squares is a 
line of constant contact resistance (I^) . The line 
marked by -small xs is a line of constant line 

■ 

resistance (Ri). The values of and are selected 
as examples of typical values for cells and sensors 
useful with the present invention. The graph assumes 
permalloy layers 150A thick for layers 14 and 16, and 
an intermediate layer 18 of TaN which is 50A thick. 
Vias four square microns are assumed as contact 
sites. The graph shows the effect of independently 
varying the thickness of resistive layer 20 and the 
resistivity of that layer. The thickness and 
resistivity of layer 20 should preferably, in this 
example, be selected so that the result lies in the 
"Good" area of the graph. 

Of course R c and Ri of layer 20, the line 
resistance of layers 14, 16 and 18, and the size of 
the vias may all vary and affect the size and shape of 
the Good area on the graph. 



A typical example of significant parameters 
of a suitable cell 10 (where the magnetic layers are 

permalloy) are: 

via size - 2^m x 2p. m, 
length of bit line between vias - 20/i m, 
width of bit line r 2/un,_ 
thickness of resistive layer 20 - 250A, 
p of resistive material 20 - 15, 000/*ft -cm, 
Rc of material 20 at vias - 0.94 ft , 
Ri of material 20 - 60,000 ft . 
Further, it is preferable that resistive 
layer 20 be a material which does not diffuse into 
magnetic layer 16. If such diffusion occurs, the 
magnetoresistive characteristics of the cell or sensor 
can be greatly adversely affected, and delamination 
may occur between layers 18 and 20. A transition 
metal from the periodic table* (or alloy thereof) , 
which does not diffuse into the upper magnetic layer, 
is stable, and affords the appropriate resistances, is 
a suitable material. Further, a compound or mixture 
of a metal and either nitrogen or oxygen, which will 
not diffuse into ferromagnetic layer 16, is a good 
selection as resistive layer 20 because the 
resistivity can be tailored to the proper range. 

It is also preferred that resistive material 
20 be nonmagnetic to avoid demagnitizing fields 
inherent with magnetic materials. Nitrogen doped 
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tantalura, TaN x , is a particularly useful material for 
layer 20. The value of x can be adjusted to tailor 
the resistivity for a particular application. For 

* 

example x will preferably be selected s.o that 15 to 35 
percent , by atomic concentration, of the TaN x is 
nitrogen. Note that TaN x may also be used for layers 
18 and 42 , and that x can be a different value for 
each of layers, 18, 20 and 42. 

Preferably f one percent or less of the sense 
current in the bit cell will flow between contacts 24 
at opposite ends of the cell through resistive layer 
20. However, in some cases, up to fifty percent of 
the sense current will flow through resistive layer 
20. Similarly, preferably the sense current will be 
reduced one percent or less due to the contact 
resistance. Again, however, in some cases, the sense 
current will be reduced by up to fifty percent due to 
the contact resistance. 

Figure 6 depicts a further embodiment of the 
present invention. Therein, sensor 56 has a 
magnetoresistive layer 54 formed on the surface of 
substrate 58 (or more typically on the surface of 
insultative layer 60 which covers substrate 58). 
Resistive layer 62 overlays magnetoresistive layer 54 
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and serves the same functions described above (i.e. 
protective layer and etch stop), while not shorting 
out the electrical properties of layer 54. 

Sensor contacts 64, 66 and 68 (again 
5 comprised of barrier metal layer 70 and conductor 72) 
are formed at selected sites on resistive layer 62. 
In operation sense current would pass, for example, 
between contacts 64 and 66. 

Although the four layer structure of Figures 
10 1 and 2 has been described above as a memory cell, the 
.structure can be employed as a magnetic sensor also. 
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Claims 

■ 

1. A magnetic, solid state device (10), wherein electrical 

current can flow through said device from a first to a second 
location ( 24 ; 64 f 66 , 68 ) f said device character- 
ized by 

a) a magnetoresistive , ferromagnetic layer (14;54); 

b) a resistive layer (20;62) overlying, at least part of, and 
being in contact with, said magnetoresistive layer, 
wherein said first and second locations are on a surface 
of said resistive layer, said surface being oppositely 
disposed from said magnetoresistive layer, wherein the 
resistivity and dimensions of said resistive layer are 
such that less than half of said current will flow solely 
within said resistive layer in passing between said first 
and second locations, and such that the magnitude of said 
current will remain above a desired signal level; 

c) first and second electrical contacts connected, directly 
or indirectly, to said first and said second locations, 
respectively, 

2. The device of claim 1, characterized by 

d) a second layer (16) of a ferromagnetic, magnetoresistive 
material ; 

e) a third layer (18) interposed between, and in contact 
with, said first and said second ferromagnetic layers 
(14,16), wherein said third layer prevents exchange 
coupling between said first and said second layers 



The device of claim 1 or 2, characterized in 
that said resistive material (20;62) includes a metal 
and either nitrogen or oxygen. 

* 

The device of claim 1, 2 or 3, characterized 
in that said resistive layer (20;62) consists of a 
material that will not diffuse into said magnetoresistive 
layer (14,16;54). 

• w 

The device of one of the preceding claims,, c h a r a c - 
terized in that said first and/or second 
ferromagnetic layers (14,16;54) are each comprised of nickel 
and iron. 

9 • 

The device of one of the claims 1 to 4, character- 
ized in that said first and/or second 
ferromagnetic layers (14, 16; 54) are comprised of permalloy. 

The device of one of the preceding claims, charac- 
terized in that said resistive layer (20) is 
comprised of tantalum and nitrogen, preferably includes 
TaNx . 

The device of one of the preceding claims, charac- 
terized in that less than one percent of said 
current flows from said first to said second location by 
passing through only said resistive layer (20). 
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9. The device of one of the claims lto7, character- 
ized in that the magnitude of said current is 
reduced by less than fifty percent due to the presence of 
said resistive layer (20). 



10. The device of one of the preceding claims, charac- 
terized in that said resistive layer (20) is 

o o 

between 50A and 1000A thick at said first and second 
locations, said third layer (18) is less than 100A thick, 
and said first and second ferromagnetic layers (14,16;54) 
are each less than 200A thick. 



11. The device of one of the preceding claims, charac- 
terized in that said resistive mater ial .( 20 ) 
is nonmagnetic. 



* 
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CONSTANT Rc AND Rl 



O Rc » 4 OHM/SQ. MICRON 
♦ Rl ■ 10.000 OHMS 



4 6 8 10 12 14 

RESISTIVITY (MICRO-OHM-CM) 
(THOUSANDS) 
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Fig. 5 (resistive layer) 



